Abstract nephroangiosclerosis (OR=2.34, CI: 1.10-4.98) and total lymphocyte count (OR=0.93, CI: 0.87-0.98). Background. When assessed by single biochemical measurements, malnutrition in dialysis patients is asso-Hospitalization was needed in 44% of patients. The comorbidity index, serum albumin and age were the ciated with increased mortality, but there are few data evaluating abnormalities in anthropometry or compos-predictive factors of hospitalization.
MAMC was moderately decreased in 19.8% of males Introduction and in 8.1% of females (P<0.001). Multiple logistic regression analysis showed that the predictors of For over 20 years, protein-calorie malnutrition has malnutrition were: age >65 years (OR=1.96, CI:
been reported as a frequent complication in patients 1.22-3.14), male sex (OR=1.95, CI: 1.24-3.07), comon maintenance haemodialysis therapy and it has been orbidity index (OR=1.23, CI: 1.03-1.45), time on attributed to several causes, including inadequate dialysis (OR=1.13, CI: 1.08-1.18), duration of dialysis intake of protein and energy, inhibition of protein (OR= 0.73, CI: 0.63-0.85) and PCR related to ideal synthesis and/or stimulation of protein degradation body weight (OR=0.17, CI: 0.06-0.50).
[ [1] [2] [3] [4] [5] . Its prevalence has varied from 25-75% among After 1 year of follow-up, data from 442 patients the series published [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] . These differences could were available. A total of 68 patients died (15.4%) be partially explained by the methods used in the with cardiovascular diseases being the most frequent assessment of the nutritional status; anthropometric cause of death (57.3% of the cases). The predictors measurements, biochemical determinations or a comof mortality were: age (OR=1.06, CI: 1.03-1.09), bination of both. Despite the high prevalence of malnucardiovascular disease (OR=2.13, CI: 1.19-3.83), trition in patients on haemodialysis, no multivariate neurological disease (OR=2.96, CI: 1.41-6.15), analysis investigating the factors which predict the development of abnormal anthropometry is available.
patients has been associated with an increased morbid-(18.8%), nephroangiosclerosis (12.5%), adult polycystic disity and mortality [11, [17] [18] [19] [20] [21] [22] [23] [24] [25] . However, in the majority ease (9.3%), diabetes (8.6%), others (10.1%) and unknown of these studies the evaluation of malnutrition was (6.5%) .
mainly based on the measurements of serum albumin and other serum proteins and there are a few but no definitive studies where malnutrition mostly evaluated Methods by anthropometric parameters, was associated with increased mortality [12, 13] . Furthermore, the possible At the start of the study, significant comorbid medical effects of malnutrition cannot be easily separated from problems which could influence the nutritional status or the the effects of the underlying disease. Patients on chronic outcome were inventoried. rather than the cause of death [3] .
hypertension ( patients on antihypertensive therapy), primary
Among the biochemical parameters, hypoalbumina-renal disease (diabetes, nephroangiosclerosis) and social conemia has been considered to be the single most import-ditions. Each comorbid medical problem was assigned 0 ant predictor of death [20] [21] [22] [23] [24] [25] . Low values of serum points when the condition was not present and 1 point when albumin have been attributed to poor nutritional it was. The points were totalled for each patient to obtain a status, but recently hypoalbuminaemia has been con-comorbidity index.
Anthropometric measurements were performed using sidered to be a non-specific marker of inflammation standard techniques [6, [28] [29] [30] and included: height, weight, [26, 27] . As in other situations, and in the enthusiasm body mass index (BMI ), i.e. weight divided by height to promote the importance of nutrition, other significsquared, triceps skinfold thickness ( TSF ), mid-arm circumant and perhaps more fundamental factors that predisference (MAC ), mid-arm muscle circumference ( MAMC ).
pose haemodialysis patients to death may have been The non-dominant arm was chosen for these measurements, overlooked.
unless that arm contained a vascular access site, in which
We conducted a multicentre study in our country to case the other arm was used. Skinfold thickness was measured try to answer some of these issues. In this study, we by a Harpender skin caliper. The measurements were perhave evaluated the prevalence of malnutrition in a formed in each unit by the same trained person after the group of stable patients on maintenance haemodialysis midweek haemodialysis session, who followed precise written instructions. To assess the reproductivity of anthropometric therapy and the possible risk factors involved in its measurements, four different observers performed the measdevelopment. In addition, the role of malnutrition in urements on 30 patients in 2 consecutive weeks. The intermorbidity and mortality in the haemodialysis patients and intra-observer coefficients of variation for TSF were was investigated. Malnutrition was assessed by a <10% in both cases. The BMI, TSF, MAC and MAMC of combination of anthropometric and biochemical the patients were compared with data obtained from normal measurements.
Spanish adults of similar age and sex [ 31, 32] . There were some differences from those of the American population 
Patients
Normal parameters were defined when they were >90% of the 50th percentile of the controls. Mild decreases were A total of 761 patients on haemodialysis from 20 facilities in the central region of Spain ( Madrid and surrounding defined by parameters of 80-90% of the 50th percentile of the controls. Moderate decreases were defined by a BMI of provinces) received a full nutritional evaluation between January and March 1993 and were followed-up for 1 year. 70-79%, as well as TSF, MAC and MAMC of 60-79%.
Severe decreases were defined by the BMI <70%, and TSF, Informed consent was obtained in every case. The criteria for inclusion in the study were: (i ) at least 6 months on MAC and MAMC <60% of the 50th percentile.
Routine biochemical parameters were measured in blood haemodialysis; (ii) clinically with no acute illness in the 3 months preceding the start of the study; (iii) diuresis drawn immediately before the first treatment of the week from the arteriovenous access and the following determina-<1000 ml/day. Patients who did not fulfil any of these conditions were excluded from the study. tions were performed: haematocrit, haemoglobin, total lymphocyte count, blood urea nitrogen (BUN ), serum creatiComplete data were obtained from 574 patients; there were 318 male and 256 female patients, and the mean age nine, electrolytes, total protein, serum albumin, transferrin, pre-albumin. Plasma amino acids were measured in only 200 was 56.4±14.6 years (range 18-81 years). The length of time on dialysis was 76±59 months (range 6-286 months). All randomly selected patients. Measurements, except for plasma amino acids, were performed in the laboratory at each patients were on thrice weekly haemodialysis. The duration of the dialysis procedure ranged from 9 to 15 h per week. patient's centre on plasma or serum. Serum albumin was determined by a bromcresol method (normal range The blood flow was between 250 and 350 ml/min and the dialysate flow was 500 ml/min. In all 84% of the patients 3.4-5 g/dl ).
A scoring system described by Bilbrey and Cohen [13] was were on bicarbonate and 16% on acetate; 49% were on antihypertensive therapy and 67.4% receiving recombinant used to quantify the degree of malnutrition. Eight parameters from the anthropometric (BMI, TSF, MAC, MAMC ), laborhuman erythropoietin. Underlying renal diseases were: P<0.001) indicating a more severe depletion of proNormalized PCR [PCRn] to lean body mass to actual teins ( Table 2 ). The majority of patients (440 patients body weight, and to ideal body weight [PCRibw] were also or 76.6%) had serum albumin levels >40 g/l, 117 calculated.
patients (20.4%) had levels of 35-40 g/l and only 17 patients (3%) had serum albumin levels <35 g/l.
Statistical analysis
Transferrin was decreased in 34.5% of patients (<2 g/l ). Total lymphocyte count was <1500×106/l Values were expressed as mean±SD. Each parameter repres-in 57.3% of the patients and <1200×106/l in 32.9%.
ented the mean of two or three measurements performed in According to the malnutrition index, 80% of patients consecutive months. The x2 test was used to compare categorhad some degree of malnutrition; it was mild in 30%, ical data, and the Student's and the Mann-Whitney tests moderate in 22%, severe in 28% and there was no were performed when indicated. Multiple logistic regression evidence of malnutrition in 20% . The prevalence of models were used to determine the adjusted effect of the binary independent variables on nutritional status, mortality moderate/severe malnutrition (malnutrition index and morbidity [37, 38] . In each case, the variables included >28) in both sexes was 52.8% in males and 47.9% in the model were those that have the most significant in females.
relationship to the dependent outcome in the univariate Data from patients without malnutrition (malnutrianalysis (P value for the variable to be included should be tion index <28) and with moderate-severe malnutrino greater than 0.1). For malnutrition (yes=1, no=0), the tion (malnutrition index >28) are shown in Table 3. variables included in the maximum model were age, gender, Among the biochemical measurements not included in time on dialysis, comorbidity index, serum creatinine, hours the nutritional index, no differences were found in the of dialysis and PCRibw. For mortality ( yes=1, no=0), the levels of total proteins, and branched chain amino variables in the maximum model were age, comorbidity (cardiovascular, neurological, nephroangiesclerosis), population. TSF was the most frequently altered para- by the protein catabolic rate normalized to ideal body weight differences were observed in some parameters evaluat-(PCRibw). **P<0.01 compared with reference. ing the amount of dialysis (midweek BUN, KT/V and PCR normalized to lean and actual body weight) and the nutritional status. However, the length of weekly a transplant. The analysis of morbidity and mortality haemodialysis and PCR normalized to ideal body was conducted using data from the remaining 442 weight were lower in the group of patients with mal-patients. Of the patients, 68 (15.4%) had died during nutrition. Some biochemical parameters such as the year of follow-up. The characteristics of the patients serum creatinine (r=−0.190, P<0.001), and PCRibw according to the outcome are expressed in Table 5 .
(r=−0.183, P<0.001), showed a low, negative, but Age and the comorbidity index were higher in the dead significant correlation with the malnutrition index. patients who had a greater frequency of diabetes and Furthermore, serum albumin was positively correlated nephroangiosclerosis. MAMC was lower in the dead with serum creatinine concentration (r=0.325, patients than in those patients alive after 1 year of P<0.001) and negatively with the comorbidity index follow-up. Among the biochemical measurements, only (r=-0.168, P<0.001). lymphocytes, serum creatinine and serum albumin The multiple logistic regression analysis showed that showed differences between the dead and live patients. six independent variables influenced the nutritional Cardiovascular disorders accounted for 57.3% of status: age, gender, time on dialysis, comorbidity index, total deaths, followed by infection (10.4%), malignanchours of dialysis and PCR normalized to ideal body ies ( 5.9%) and other causes (20.6%). Only four patients weight ( Table 4) . Gender increased the significance (5.9%) died of cachexia. Multiple logistic regression when the model was adjusted by hours of dialysis and analysis was performed to investigate the predictors PCRibw. Hours of dialysis and PCRibw were powerful of death, and the results are summarized in Table 6 . predictors of risk. When compared with a reference Age, cardiovascular disease, neurological diseases, PCR of 1.2 g/kg/day, patients with lower PCR values nephroangiosclerosis and total lymphocyte count were had progressively increased odds ratios for malnutri-found to be the only significant predictors of death. tion ( Figure 1 ).
Anthropometric and biochemical parameters were not significant predictors of death.
Evolution after 1 year follow-up
Morbidity was evaluated by the hospitalization rates. There were 309 hospitalizations and 195 patients After 1 year of follow-up, complete information on 84 patients was not available and 48 patients had received (44.1%) needed hospitalization during the year of demonstrated that patients on haemodialysis have a similar energy expenditure and requirements as normal individuals [40, 41] . However, dialysis patients usually follow-up. The admission rates were computed as the eat lower amounts of calories than recommended, total number of hospital admissions divided by the although the intake of proteins is closer to prescribed total number of patients years at risk. Hospital days levels [7] [8] [9] [10] ; this could contribute to fat depletion. per patient year were computed as the total number The differences in the prevalence of malnutrition in of hospital days divided by the number of patient years the different studies could be due to the method used at risk. The overall rates of hospital admissions and in the assessment of malnutrition. Assessing nutritional hospital days per patient year at risk are presented in status is difficult as there is not a single test that can Table 7 . Females had higher hospital days per patient be considered an indicator of protein-calorie malnutriyear at risk than males. Hospital admission rates and tion. It has been suggested that an assessment of hospital days per patient year at risk increased with malnutrition should rely on multiple indices of nutriage, with comorbidity with hypoalbuminaemia and tional status, these indices comprising several biochemwith malnutrition.
ical measures, including serum albumin, as well as an Logistic regression analysis showed three predictors analysis of body composition [42] ; however, no definof hospitalization; the comorbidity index [odds ratio itive criteria have been established. Among the indices 1.37, 95% confidence interval (CI ) 1.16-1.60, commonly used, serum proteins such as albumin and P<0.001], serum albumin (odds ratio 0.51, 95% CI transferrin, may be depressed by non-nutritional fac-0.31-0.84, P<0.01) and age (odds ratio 1.015, 95% tors even in haemodialysis patients [26, 27, 43] . The CI 1.001-1.03, P<0.05).
main criticism of anthropometric measurement is a lack of precision for an individual patient [28, 43] .
Discussion
However, Nelson et al. [30] have shown that anthropometry can be reproducible and that its sensitivity has a 90% threshold. In our study, the inter-and intraThe prevalence of moderate/severe malnutrition in our patients was 48%, which is fairly high despite the observer coefficients of variation for TSF were~10% and the variance studies did not show differences was determined by the bromcresol green, the method used in our study, so the differences we describe can among the measurements performed by four observers in the same individuals.
not be due to the method of measuring serum albumin [62] . Regarding differences in patients, we studied We have not be able to find a published report that includes an analysis investigating factors associated stable patients, with >6 months in haemodialysis to identify the impact of nutritional factors rather than with the development of malnutrition. In our study, male sex, time on dialysis, weekly duration of dialysis acute illness. For example, death rates of 12% can occur during the first 90 days of haemodialysis therapy and PCRibw were the most important predictors of malnutrition. PCRibw values of <1.0 g/kg/day and such patients have lower values of serum albumin than those who survive [63 ] . However, the significance increased the risk of malnutrition by 1.47, and when the PCRibw was <0.8 g/kg/day, the risk of malnutri-of hypoalbuminaemia in such patients is not clear: it has been attributed to insufficient protein intake [64 ], tion was three-fold the reference value after adjusting for other variables. PCR normalized to lean body mass or an acute response from a disease process [65 ], or to increased vascular permeability [66, 67] , or inflam-[PCRn] and PCR related to actual body weight did not predict malnutrition, probably because these para-matory state [68 ] . Kaysen et al. [26 ] found that hypoalbuminaemia in haemodialysis patients is due to meters may overestimate the protein intake of malnourished patients and underestimate the protein intake of decreased albumin synthesis associated with nonnutritional factors. obese patients or of those without malnutrition [44 ] . Our findings may mean that PCRibw is also an indirect Cardiovascular diseases were the leading cause of death and infection was the second most important estimate of calorie intake. Importantly, duration of dialysis and PCRibw are the only predictors of mal-cause of death in our series as in other series [18, 25, 54, 56, 69] . Only four patients died of cachexia; nutrition which could be modified by nutritional intervention.
these patients were older, had several comorbid factors, and cachexia was considered as a final event. Hospital Life expectancy in patients undergoing haemodialysis is markedly reduced [45 ] . Demographic factors admission rates and hospital days per patient year at risk were lower than those reported in other series such as age, race and cause of end stage renal disease, comorbid conditions at the start of treatment and [52, [70] [71] [72] [73] . The reason for this difference is unknown but it is likely to be due in part to exclusion of patients several biochemical parameters such as serum albumin, serum creatinine and serum cholesterol have been in the first months of dialysis therapy. Age, the comorbidity index and serum albumin were the only preidentified as predictors of mortality in these patients [18] [19] [20] [21] [22] [23] [24] [25] [46] [47] [48] [49] [50] [51] [52] [53] [54] [55] [56] [57] [58] . The predictors of death in our patients dictors of hospitalization [17] , as in mortality no other nutritional measurement was identified as a increasing were: age, comorbidity (cardiovascular and neurological diseases), nephroangiesclerosis as the cause of risk factor.
In summary, malnutrition, estimated by anthropoprimary renal disease and total lymphocyte count. Age was the most important predictor as has been metric and biochemical measurements was a frequent complication in Spanish haemodialysis patients. Fat reported in the vast majority of previous studies [18,20-23, [47] [48] [49] [50] [51] [52] [54] [55] [56] [57] [58] . However, in this cross-depletion predominated in both sexes, but protein depletion was present in 20% of males. Age >65 years, sectional study of Spanish patients, unlike those in North America, anthropometric parameters [13, 51] time on dialysis, comorbidity, weekly duration of dialysis and PCRibw were the predictors of malnutrition. and biochemical measurements [20-25,52,58] were not identified as predictors of death and most of them The mortality rate was 15.4% in this selected group of patients; age at the time of study, comorbid conditions were not included in the logistic regression model. The only nutritional parameter predictive of mortality was related to vascular diseases and total lymphocyte count were the predictors of death, and cardiovascular distotal lymphocyte count. But as with other measurements, several factors related to patient status and the eases were the most important causes. Hospitalization needed in 44% of patients was related to comorbidity, haematological situation can affect results and no definitive data allow a lowered total lymphocyte count serum albumin and age. Although total lymphocyte count was a predictor of mortality and serum albumin to be attributed to protein-calorie malnutrition [29 ] .
Serum albumin was not a predictor of mortality in of hospitalization, the fact that malnutrition is a risk factor to mortality and morbidity is not clearly our patients, as in other studies [57, 58, 59] . The discrepancy with results from North American dialysis established.
The Spanish Cooperative Study Group of Nutrition patients [20] [21] [22] [23] [24] [25] could be explained by the differences in the patients, the length of the follow-up and the in Hemodialysis includes the following Centers and investigators (in alphabetical order): Fundación small number of patients with hypoalbuminaemia. The serum albumin concentration was normal in the major-Jimenez Díaz (Madrid ), J. Caramelo; Hospital Clinico de San Carlos (Madrid ), J. A. Herrero; Hospital Doce ity of our patients as in the National Cooperative Dialysis Study population [9] and in recently published de Octubre (Madrid ), E. Hernandez; Hospital General de Guadalajara, G. de Arribas and M. D. series from Italy [57, 60, 61 ]. Several studies have described serum albumin levels <4 g/dl in 66% of Jarillo; Hospital General de Segovia, C. Montoyo and K. L. Revuelta; Hospital Gregorio Marañ on (Madrid ), patients on haemodialysis [20 ] and <3.5 mg/dl in 14-50% [7, 20, 24, 25, 52] . In these series serum albumin R. Perez; Hospital La Paz ( Madrid), J. Martinez and
